Vesicular stomatitis virus, grown on the WIL,2-3A line of continuously growing human lymphocytes, contains DNA in addition to the viral RNA. By contrast, virus grown on BHK 21-C13 fibroblasts has no detectable DNA. The virus-associated DNA is found in both the B and T particles of the virus and is resistant to deoxyribonuclease. The DNA is intimately associated with the virus and appears to be incorporated into the viral ribonucleoprotein core structure produced by treatment of the virus with Nonidet P40 follow edby CsCI isopycnic banding.
A species of DNA-associated with the cytoplasmic membranes of human lymphocytes in culture (cm-DNA) has been well characterized (1) (2) (3) (4) . This DNA, which is synthesized in the nucleus during the S phase of growth and later transported to the plasma membrane, consists of a population of linear molecules with an average molecular weight of 4.2 X 106 and represents about 2% of the cellular DNA. Determination of the analytical complexity of cm-DNA shows that it reassociates as two fractions whose rates of reassociation differ by about 4 decades. Approximately 70% of cm-DNA is composed of fast reassociating sequences which have a Cot,/, of 5.0 X 10-' mole X liter-' X sec and are homologous to only 4% of the repeated sequences of human nuclear DNA (3, 4) . Therefore, on the average, there is one copy of repeated cm-DNA in the nucleus for each copy in the cytoplasm. The remaining 30% of cm-DNA is composed of slowly reassociating sequences with a Cot,/, of 52 mole X liter-' X sec, which are homologous to 10-12% of the unique sequences of nuclear DNA (3, 4) . Although the function of this DNA is unknown, it may be involved in gene amplification Abbreviations: VSV, vesicular stomatitis virus; PB, sodium phosphate buffer, pH 6.8; HA, hydroxyapatite; cm-DNA, DNA associated with cytoplasmic membranes of human lymphocytes in culture; Cot, product of concentration of nucleotide sequences of DNA and time of incubation. 1753 and may be analogous to the transient synthesis of satellite DNA in the nucleus and transport to the cytoplasm during certain phases of differentiation in plant tissues in culture (5) . Indeed, some studies in eukaryotic cells (6) have suggested that cm-DNA may be found only in cells of a particular somatic type and/or stage of differentiation. Because of its unusual location, small size, and presumed presence only in certain cell types, it seemed possible that cm-DNA might be incorporated into any virus that matured by budding from the plasma membrane of lymphocytes. In this report, we demonstrate that both the B and T particles of vesicular stomatitis virus (VSV) incorporate DNA into their nucleoprotein cores when grown in human lymphocytes. This DNA is of host-cell origin and is double stranded with a density in CsCl of 1.699 g X cm-3. The virion-associated DNA has an average molecular weight of 9 X 105 and most likely represents a subpopulation of cm-DNA.
MATERIALS AND METHODS
Cells and Virus. Baby-hamster kidney (BHK21-C13) cells were maintained as monolayer cultures in Eagle's minimum essential medium supplemented with 5% fetal-bovine serum.
The human lymphocyte cells (WILr3A) were a cloned line derived from the continuous WIL, culture (7) (8) (9) and were maintained in suspension culture in Eagle's medium supplemented with nonessential amino acids, sodium pyruvate, and 10% fetal-bovine serum as described (1) .
VSV, New Jersey serotype, was prepared from a single passage with low multiplicity of infection on BHK21-C13 cells after three single plaque isolations. The titer of this virus pool was 2 X 1010 plaque-forming units/ml. VSV infection of both BHK21-C13 and WIL2-3A cells was carried out at a multiplicity of infection of between 1 and 5. The infected BHK21-C13 cells were incubated 12 hr with the virus, whereas the WII,-3A cells were incubated for 24 hr.
Virus Purification and Production of Virion Subunits. VSV was purified from the culture fluid after removal of the cells by centrifugation. The (10) . The unlabeled WIL2 DNA was a gift from Dr. David Kohne.
Determination of the Analytical Complexity of the VirionAssociated DNA. The cellular DNA used in this study was sheared to an average piece size of about 600 nucleotides, as described (3, 4) . The virion-associated DNA, due to its already small size, was used without shearing.
DNA -DNA reassociation was assayed by HA column chromatography as described by Britten and Kohne (11) .
The DNA samples to be examined for reassociation were mixed and the solution was adjusted to 0.48 M PB buffer. The DNA was denatured by heating to 1200 for approximately 4 min and was then placed in a 65°waterbath and allowed to reassociate for the appropriate time. The details of the separation of single-stranded from double-stranded DNA and determination of radioactivity have been described (3) .
RESULTS
VSV Grown on Human Lymphocytes Contains DNA. Growth of VSV on WIL2-3A human lymphocytes that had been labeled with [2-14C] thymidine (50 mCi/mmol) for one to three generations resulted in the copurification of a large number of trichloroacetic acid-insoluble counts and the virus particles.
In similar experiments where virus was grown on BHK21-C13 cells, few, if any, counts purified with the virus. When various fractions of the sucrose gradients were examined for sensitivity of the "4C-labeled material to DNase I, it was noted that a larger percentage of the counts in the virus band were resistant to DNase I than in the fractions on either side of the virus. Only 20% of the counts in the virus fraction were resistant to DNase; however, analysis of the resistant material on a second sucrose gradient showed that greater than 80% of the counts sedimented with the virus particles and were now resistant to digestion with DNase I.
The physical properties of the virions (B particles) derived from the WILr3A cells appeared normal. There were, however, an unusually large number of defective interfering particles (DI or T particles) generated by growth on these cells, as determined by the ratio of B to T particles in sucrose gradients. Both the normal B virion and the T particles had .14C counts associated with them in a DNase-resistant form.
In the subsequent studies reported here, the B and T particles were not completely separated, although primarily B particles were studied.
Initial studies showed that the majority of the 14C counts found in the virus region of the sucrose gradients were not associated with virus but were most likely in DNA associated with' cosedimenting cellular membrane fragments. When the viral particles were cleanly separated from the membrane fragments in potassium sodium tartrate density gradients ( Fig. 1) sucrose. Purified VSV grown on BHK21-C13 cells and purified murine leukemia virus (MuLV)(Scripps) produced by mouse lymphocytes were used as controls. Isotope incorporation was assayed as described (12) . RNA-directed DNA polymerase assay with (o) MuLV; (*) VSV-WILr3A.'RNA-directed RNA polymerase assay with (0) VSV-WILr3A; (o) VSV-BHK.
uridine-labeled marker virus. In three of the six tartrate density gradients studied from six different virus pools, the DNA-containing virions seemed to be slightly more dense than the marker, but the significance of this finding is not known. Its resistance to digestion with DNase I and continued association with the virus after long centrifugation in tartrate, which tends to remove the surface proteins from VSV, strongly suggested that the DNA was within the virus structure.
Confirmation of the internal localization of the DNA was provided by study of the virion cores. Virions in which the DNA was labeled with [14C]thymidine were treated with NP40 and centrifuged to equilibrium in CsCl together with "marker" cores produced from [3H]uridine-labeled VSV grown on BHK21-C13 cells. The 14C counts sedimented exactly with the 3H counts to a density of 1.33 g X cm-3 (Fig. 2) . Comparison of the radioactivity found in the virus peak in the potassium sodium tartrate gradients with the material found in the cores indicated that at least 85% of the DNA remained associated with the virus core. This provided additional evidence that the [14C]DNA is not only within the virus, but is part of the viral core structure.
The data shown in Fig. 3 demonstrate that the VSV grown on human lymphocytes has the normal RNA-directed RNA polymerase activity associated with VSV but lacks any detectable RNA-directed DNA polymerase activity. This is good evidence that the VSV pools are not contaminated with an oncornavirus with the same sedimentation properties as VSV. The apparent increase in activity of RNA-directed RNA Physical Properties of the Virion-Assocjated DNA. DNA for physical characterization was purified from CsCl banded cores as described in Methods. The extracted material had a A26o/A20 ratio of 2; bound to HA in 0.14 M PB at 66°and could be eluted by 0.48 M PB at 66°; was sensitive to digestion with DNase, 90% being converted into a trichloroacetic acid-soluble form after 1 hr at 370 with 100 ug/ml of DNase I; and was resistant to alkaline hydrolysis. Fig. 4 shows the results of CsCl equilibrium centrifugation of the DNA together with an Escherichia coli DNA marker. The virionassociated DNA is clearly less dense than the E. coli marker DNA, sedimenting to an isopycnic density between 1.699 and 1.700 g X cm3.
Velocity sedimentation in neutral sucrose density gradients suggested that the virion-associated DNA was heterogeneous in size, averaging approximately 10 S with a small amount of material sedimenting as rapidly as 45 S. Linear DNA molecules of 10 S would have a molecular weight of approximately 9 X 105 (13) . When the purified DNA was studied by electron microscopy, only linear DNA molecules were seen (Fig. 5) . The average size of these molecules agreed very closely to that determined by sucrose velocity gradients.
Comparison of the specific activity of the virion-associated DNA with the bulk DNA of the cells on which they were grown showed that there was a 5-fold difference. After approximately two generations in the presence of [14C] thymidine, the bulk DNA from the WIL-23A cells had a specific activity of 6200 cpm/,ug of DNA, whereas the virionassociated DNA had a specific activity of 1200 cpm/ug. .9. . Electron microscopy of purified virion-associated DNA. DNA from purified subviral cores (see Methods) was prepared for electron microscopy without formamide, as described (1), and electron microscopy was kindly performed by Ron Levitt (Dept. of Biology, University of California, San Diego). Magnification, approximately 175,000.
The latter specific activity is approximately that expected for cm-DNA under these labeling conditions (1) . initial studies of its analytical complexity were aimed at excluding contamination from viral, mitochondrial, or mycoplasmal DNA. DNA derived from a contaminating virus, mycoplasma, or bacterium would be expected to reassociate as a population of unique sequences with a Cot,/, of less than 10 mole X liter-' X sec. DNA of host-cell origin would have a much greater complexity. Fig. 6 shows the results of ar eassociation experiment, where VSV-associated DNA was allowed to reassociate in the presence of a large excess of DNA from WIL2 cells. The fraction of reassociated DNA is plotted against the logarithm of the equivalent Cot (11) .
One process in a eukaryotic organism are unknown; however, incorporation of host DNA sequences into viruses with such wide host ranges could influence the development of the species.
Finally, incorporation of host genetic material may play a role in the somatic cell-controlled variations of viral phenotypes. Although host-controlled modification of viruses is well known, its potential importance in eukaryotic systems has only recently been recognized. This is in part due to the fact that in complex animals the situation is made more complex by the possible dependence of the viral modification on the somatic cell type and/or state of differentiation. There is increasing evidence that somatic cell-controlled variation of animal viruses may be an important variable with respect to the induction of disease. For example, Kaplan and his colleagues have presented evidence that indicates that for at least some oncornaviruses to be leukemogenic they must be of lymphoid cell origin (19 
